The interface bonding of α-tricalcium phosphate (αT) porous ceramic couple in H 2 O and SBF was investigated. The bonding occurred with the entanglements of HAp microcrystals formed in the interface narrow space between αT ceramic couple. The HAp had calcium-deficient compositions with HPO 4 2and/or CO 3 2-. The HAp formation extent was in the order, open free surface ≪ interface narrow space, which was assumed to depend on how ease the supersaturated solution conditions with respect to HAp was realized.
INTRODUCTION
Alpha-tricalcium phosphate (α-Ca 3 (PO 4 ) 2 , hereafter referred to as αT)powder is a basic material for bioactive calcium phosphate cements. Generally the hydration-hardening of calcium phosphate cements occurs with the entanglements of hydroxyapatite (Ca 10-x (HPO 4 ) x (PO 4 ) 6-x (OH) 2-･ nH 2 O; 0 ＜ x≦1, HAp) microcrystals formed 1 . Calcium phosphate cements are also applied to making HAp porous bodies 2 . Kokubo et al. 3 reported that the bonding of the interface between Bioglass (45S5) coupled bars was observed after soaking in SBF at 37 ℃ . A-W glass bars and HAp ceramic bars were also bonded as well. The bonding was due to the entanglements of HAp microcrystals formed in the space between the overlapped bars. By applying this phenomenon, HAp coatings of the surface of non-bioactive metallic and ceramic biomaterials were achieved by soaking couples of bioactive glass ceramics and non-bioactive biomaterial plates in SBF 4 .
In the present paper, a similar bonding study was carried out using αT ceramics having a high hydration reactivity resulting in HAp formation. EXPERIMENTAL αT powder was prepared by the solid state reaction between reagent CaHPO 4 ・ 2H 2 O and CaCO 3 , then αT ceramic disks (15 mm diameter x 5 mm thick) were prepared by sintering the αT powder at 1200-1500℃ 6 . For comparison, HAp ceramics (porosity = 0.8 %) were prepared by sintering HAp powder at 1150 ℃ 7 . Ceramic specimens were soaked in liquid using a Pyrex glass vessel (45 mm diameter x 60 mm depth) as shown in FIGURE 1. The αT ceramic disk specimen in the style of S1 is three pieces put together with a Pt wire, In the S2, two disks were overlapped face to face. In the S3 and S4, one disk was soaked as shown. Distilled water and simulated body liquid (SBF) 4 were used as soaking liquids. Soaking runs were carried out at 37℃ with a specimen / liquid ratio of 1-2 g / 50 ml. Then the specimens were dried, weighed, checked on the mechanical bonding between pieces or disks. The upper face, lower face and interface of the specimens were characterized by XRD, FTIR and SEM.
RESULTS AND DISCUSSION
Bonding in H 2 O FUGURE 2 shows contact lines of overlapped αT ceramic pieces and SEM morphologies of the overlapped interface after soaking in H 2 O for 6 months. The bonding between pieces seemed to occur as a result of entanglements of microcrystals formed in the overlapped narrow space. The microcrystals were identified to be HAp by XRD. 
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Reconfirmation of the difference in hydration reactivity at different portions of αT ceramics
For the reconfirmation of the differences in hydration reactivity of αT described in the preceding section, soaking runs were carried out using the styles S3 and S4. TABLE 2 shows XRD phases of upper face, 1-3 mm inside portion and lower face. Larger the liquid retentivity is, better the reactivity seems to be. In other words, supersaturated solution conditions with respect to HAp were assumed to easily realize in pores of the inside and the narrow space between the lower face and vessel bottom. This interpretation was in compatible with the fact that the HAp formed very well on alumina ceramics in SBF in the case of very narrow overlapped distances between bioactive glass and alumina ceramics, however little in the case of wide distances 4 . FIGURE 5 shows XRD patterns of each portion of αT ceramics soaked using the style S3. The conversion extent of αT into HAp was in the order, upper face ≪ 1-2 mm inside ≒ lower face, as well as above mentioned. Nonstoichiometry of HAp FIGURE 6 shows FTIR spectra of HAp formed on the interface space between αT ceramic couple No.3. Both a broad band around 3500 cm -1 and a peak at 1635 cm -1 are assigned to H 2 O. The peak at 3570 cm -1 is characteristic of apatitic OH -, 870 cm -1 is of HPO 4 2and CO 3 2-, 1455 and 1415 cm -1 are of CO 3 2- in HAp. The broad band around 1050 cm -1 with a shoulder at 957 cm -1 , a doublet in the range of 600-500 cm -1 and a peak at 470 cm -1 are all assigned to PO 4 3-.
Consequently, the HAp formed after soaking in H 2 O was a calcium-deficient composition with HPO 4 2-, and with both HPO 4 2and CO 3 2- in SBF.
CONCLUSIONS
The interface bonding of overlapped α-Ca 3 (PO 4 ) 2 (αT) porous ceramic couples in H 2 O and SBF was investigated, and the following results were clarified.
1) The bonding occurred with the entanglements of HAp microcrystals formed in the interface narrow space.
2) The resulting HAp after soaking in H 2 O was a calcium-deficient composition with HPO 4 2-, and with both HPO 4 2and CO 3 2- in SBF.
3) The hydration extent of αT to form HAp was in the order, open free surface ≪ interface. 
